In general, more heat escapes through glass (windows) than through the other materials in a structure. Thus, finding ways to make windows more thermally insulating is important to improving the energy efficiency of a building. We have combined two window construction techniques-vacuum glazing and electrochromic glazing-to provide improved thermal comfort while limiting the use of auxiliary space heating and artificial light. This performance is thanks to the system's very low heat loss and variable light transmission, which can also control glare from daylighting.
A vacuum glazing (VG) comprises two sheets of glass that are separated by a very narrow evacuated space. An array of metal or ceramic pillars holds the sheets apart, and the edges can be sealed with solder glass or indium. The interior faces of one or both glass sheets usually have a transparent, low-emittance coating. Windows made from vacuum glazing are much more thermally insulating than either single pane or conventional double glazed windows.
Electrochromic (EC) glazing causes glass to change its tint in response to an applied voltage change. Research in this area and its many potential applications are well documented. and tempered glass degrade at such high temperatures and so cannot be used in this kind of process. To remove these restrictions, a low temperature method (less than 200
• C) was developed using indium to create the edge seal. A detailed description of this process and its experimentally determined performance has been reported previously. 3 The array of pillars supporting the glass is incorporated and modelled directly in the finite volume method with a graded mesh. A high density of nodes in and around the pillars are used to represent of the heat transfer. The EC VG simulation assumed that the EC layer faced the outdoor environment. Fang et al. 5 showed that when the EC layer faced inward, glazing surface temperatures would be too high for occupant comfort and would result in damage to the EC VG system. Figure 2 presents isotherms calculated using the FVM within a 0.4m by 0.4m EC VG with 80% absorption, rebated 15.4mm into a solid wood frame under insolation of 300Wm −2 . The temperature difference between the two glass panes of the VG resulted from the high thermal resistance of the vacuum gap; the temperature difference between the panes separated by the EC layer resulted from the EC layer absorbing heat. Figure 3 shows that when the level of insolation incident perpendicular to the glazing surface increases from 0 to 1000Wm −2 , the predicted surface temperature of the indoor glass pane increases from 13.4 These simulations and experimental studies of EC VG windows suggest that they are more thermally insulating than a standard double pane window and comparable to a good triple pane window. Windows made from EC VGs should improve the energy efficiency of buildings while keeping occupants thermally comfortable. 
